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Abstract
While migration has been shown to be a risk factor for HIV, variation in HIV prevalence by 
subgroups of migrants needs further exploration. This paper documents the HIV prevalence and 
key characteristics among male foreign migrants in Cape Town, South Africa and the effectiveness 
of respondent-driven sampling (RDS) to recruit this population. Participants in this cross-sectional 
study completed a behavioral risk-factor questionnaire and provided a dried blood sample for HIV 
analysis. Overall HIV prevalence was estimated to be 8.7 % (CI 5.4–11.8) but varied dramatically 
by country of origin. After adjusting for country of origin, HIV sero-positivity was positively 
associated with older age (p = 0.001), completing high school (p = 0.025), not having enough 
money for food (p = 0.036), alcohol use (p = 0.049), and engaging in transactional sex (p = 0.022). 
RDS was successful in recruiting foreign migrant men. A better understanding of the timing of 
HIV acquisition is needed to design targeted interventions for migrant men.
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Introduction
Migration has been shown to be a key risk factor for HIV acquisition in populations around 
the world [1–3]. However, different types of migrating populations are not homogenous in 
their risk profiles. Forced migrants fleeing disaster and conflict are more susceptible to HIV 
through increased exposure to sexual violence and limited access to health services and 
condoms [4, 5]. Internal migrants experience disruptions in family structure and increased 
risk-taking behavior, which places these individuals at higher risk for HIV transmission [6–
8]. Transnational economic migrants may be a particularly vulnerable group as they 
additionally face issues with language skills, legal documentation, and xenophobic attitudes 
[9, 10].
South Africa is one of the few countries in sub-Saharan Africa that does not require forced 
or irregular migrants to reside in refugee camps, which often restrict the movement, 
employment opportunities, and residence choice for migrants [11]. This policy, in 
combination with the country’s relative economic and political stability, has made the 
country a magnet for transnational migrant populations. It was estimated that in 2010 
foreign migrants accounted for almost 4 % of the South African population, of which 57 % 
were male [12]. South Africa also has one of the highest HIV prevalence rates (18.9 %) in 
the world [13]. The complex interaction between South Africa’s HIV epidemic, the HIV 
epidemics in migrant’s communities of origin in sub-Saharan Africa, and the large foreign 
migrant population within South Africa has resulted in the addition of cross-border migrants 
as a key target population in South Africa’s National Strategic Plan for HIV and AIDS, STIs 
and TB, 2012–2016 [14].
A more nuanced understanding of the epidemiologic profile of HIV in specific migrant 
populations within South Africa is required in order to design and implement effective HIV 
prevention, treatment, and care programs for this vulnerable population. Studies have 
documented the increased risk for HIV and STIs among male internal migrants in South 
Africa [15–17]. Further, a recent study of a specific subgroup of transnational migrant men 
(Mozambican workers in South Africa mines), documented an HIV prevalence of 22.3 % 
[18]. However, to date there is no empirical evidence that systematically documents HIV 
prevalence or associated risk behaviors among a broad population of transnational migrant 
men living in South Africa. HIV surveillance conducted among this population is needed in 
order to track changes in HIV prevalence and risk behaviors and provide an early-warning 
system for potential HIV outbreaks if necessary. The goal of this paper is to document the 
methods used in an HIV surveillance study of transnational migrant men in Cape Town, 
South Africa, report sample and population estimates of HIV prevalence and other risk 
factors, describe key characteristics among these men, and describe the effectiveness of 
respondent-driven sampling (RDS) to recruit this hidden population.
Methods
Formative Research
Formative research was conducted in April 2013 with service providers and key informants 
who work with the target population, in accordance with recommendations from researchers 
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with vast field experience conducting RDS studies among vulnerable populations [19]. The 
goals of this research were to determine the appropriateness of using RDS to sample and 
recruit the study population as well as identifying appropriate study venues, study 
languages, incentives, and methods for seed and field staff recruitment.
Study Setting
Study activities were conducted from August to October 2013 in a centrally located venue in 
Cape Town. The venue had private rooms for biological sample collection and for HIV 
counseling and testing. Completion of a survey questionnaire was done in two large rooms 
where participants were afforded complete privacy. The study employed 24 fieldworkers; 
two administrators for coupon and incentive disbursement, one HIV counselor, one blood 
spot collector, and 18 individuals who acted as interpreters and assisted with survey 
administration (two for each of the nine study languages). All personnel underwent 
comprehensive training that included research ethics, RDS procedures, familiarization with 
the electronic barcoding system, and the Audio Computer-Assisted Self-Interview (ACASI) 
questionnaire.
Participants
Men were eligible to participate if they were cross-border migrants between the ages of 18 
and 54 and lived, worked or socialized in Cape Town or its surrounding suburbs. Men who 
could not speak one of the nine study languages (English, French, Chichewa, Lingala, 
Kinyarwanda, Portuguese, Shona, Swahili or Somali) were excluded. Eligibility was 
assessed on intake through a short questionnaire. RDS analysis procedures require an 
accurate social network size from each participant, which is used to weight the data. To 
assess network size, three questions were included in the intake questionnaire to maximize 
accurate reporting: (1) “How many foreign migrant men do you know (they know your name 
and you know theirs) and they live/work or socialize in Cape Town?” (2) “How many of 
these men have you spent time with in the past 3 months?” (3) “How many of these men are 
between 18 and 54 years of age?”
Sampling and Data Collection
Participants were recruited using RDS. This method uses a chain referral technique designed 
to provide access to hidden and hard-to-reach populations for which no sampling frame 
exists [20]. RDS attempts to minimize the biases inherent in other chain referral methods by 
accounting for social network structures and recruitment probabilities, thereby allowing for 
more representative population-based parameters to be estimated [20, 21]. The RDS 
sampling and recruitment process begins with a predetermined number of seeds who are 
non-randomly identified from the underlying population of interest. These seeds are given a 
fixed number of coupons to recruit peers to participate in the study. Recruits who return to 
the study site, meet eligibility criteria, and participate in the study become the first wave of 
participants. After participation, these individuals become recruiters and are given the set 
number of coupons to recruit their peers. This process continues through multiple waves 
until the desired sample size and equilibrium is reached on key variables.
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The 16 seeds for the current study were identified by community key informants. Potential 
seeds were screened for eligibility and selected based on pre-determined characteristics of 
successful seeds for RDS (having large social networks, being respected by members of the 
target population, ability to convince others to participate, and representing key age and 
country of origin sub-populations) [22]. All participants completed an intake questionnaire 
to determine eligibility. To detect possible repeat enrolment, participants provided 
fingerprints that were stored in a secure on-line database. This also allowed for participants 
to remain anonymous; no identifying information was collected. Fingerprints were 
transformed into bar-codes that became the study’s unique identifiers and linked all study 
materials. Eligible participants completed an ACASI questionnaire in the language of their 
choice. Blood spots were collected by a registered nurse and sent to a laboratory for 
analysis. Participants were additionally offered HIV counseling and rapid testing if they 
wished to know their HIV status on site. Participants who received positive results from the 
rapid HIV test were referred to a local clinic for further testing and treatment. Seeds and 
recruits were issued four coupons with which to recruit peers into the study. Participants 
were given a ZAR60 (± US $6) supermarket voucher once they had completed the survey 
and provided blood spots. An additional voucher valued at ZAR20 (± US $2) was issued to 
the recruiter for each recruit of their recruits who completed the study procedures. Ethical 
clearance was obtained from the Research Ethics Committee, Faculty of Health Sciences, at 
the University of Cape Town.
Measures
The main outcome for this analysis is HIV serostatus. Participants who agreed provided 
dried blood spots (DBS) for biological testing. DBS samples were sent to a referral 
laboratory (Global Clinical and Viral Laboratory, Durban, South Africa) for analyses. The 
anonymous HIV analyses were conducted in accordance with 2013 WHO guidelines for 
testing scenarios where participants do not receive results. Samples were initially tested 
using Vironostika HIV Uniform II plus 0. Reactive samples were re-tested using a 3rd 
generation ELISA. Samples that were reactive in both assays were reported as positive. 
Discordant samples (n = 10, 2 %) were further tested using Western Blot (HIV ½ Biorad).
The behavioral risk assessment questionnaire comprised of 129 items. This analysis focused 
on demographic, migration, and behavioral risk factors that were theorized to be predictive 
of HIV serostatus. Demographic characteristics were age, education status, main source of 
income, poverty status, marital status, and housing type. Migration-related factors included 
country of origin, length of time in South Africa, legal documentation status, and the main 
reason the participant decided to migrate (push/pull factor). Number of sexual partners, 
inconsistent condom use, and whether the respondent traded money or other goods/services 
for sex (transactional sex) were assessed for the past 3 months. We also investigated condom 
use at last sexual encounter, anal sex in the previous 6 months, alcohol use frequency in the 
past 12 months, and self-reported STI symptoms (painful urination, discharge, or sores/
ulcers) in the past 3 months.
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Sample Size
Since HIV prevalence among foreign migrant men in South Africa is not documented, we 
calculated the sample size using 2010 HIV prevalence data from men in a high-risk 
community in Cape Town (21.9 %) as a proxy [23]. There has been debate over an 
appropriate design effect for the sample size calculation in RDS studies. Recent consensus 
suggests that a design effect closer of three or four might be best but that two is reasonable 
[24, 25]. This study chose a slightly more conservative design effect of 2.5. Thus, allowing 
for an error margin of 5 %, we calculated the required minimum sample size for HIV 
prevalence to be 532.
Data Analysis
Sample proportions, estimates of population proportions, 95 % confidence intervals (CIs) for 
all study variables were calculated using the RDS Analysis Tool 7.1.38 (RDSAT) 
(www.respondentdrivensampling.org). RDSAT creates sample weights that take into account 
participants’ network sizes, differential recruitment, and homophily (extent to which 
participants recruit peers who are similar or different from them on a given variable). 
Population estimates were derived using information about each participant’s social network 
size (degree) and cross- and within-group recruitment patterns (who recruited who) [21, 26]. 
In bivariate analyses, we estimated crude risk ratios of HIV status by all covariates 
separately. Next, we estimated risk ratios of HIV status adjusted for country of origin, as 
there was considerable variation in HIV prevalence by country of origin. Crude and adjusted 
risk ratios were estimated using log-binomial regression and weighted with RDSAT 
generated HIV population and individualized weights, respectively. All risk ratios and 
corresponding p values were calculated using STATA, version 13.1 (StataCorp LP, College 
Station, TX).
Results
Sixteen seeds were recruited during the study period (Table 1); 14 in the first 3 weeks and 2 
additional seeds (from Somalia and Mozambique) in weeks 8 and 9, as very few recruits 
from these countries had presented at the study site. Half of these seeds were unproductive. 
Of the remaining 8, 5 generated 40 or more recruits over a maximum of 13 waves. Nineteen 
percent (n = 110) of participants successfully recruited 1 peer, 15 % (n = 89) recruited 2, 
10 % (n = 58) recruited 3, and 5 % (n = 27) recruited 4 (Fig. 1). A total of 1538 recruitment 
coupons were issued over the study period, of which 598 (38.9 %) were redeemed. Twenty 
of the men who arrived at the study site were found ineligible; 9 did not live, work, or 
socialize in Cape Town, Two were under the age of 16, One was over the age of 54, Two 
were South African, and six were identified as attempting to repeat participation and were 
turned away without enrolling. Including the initial seeds, this process resulted in a final N 
of 578.
Network homophily indices close to 0 suggest that social ties among recruits and recruiters 
crossed networks. With the exception of country of origin, simulated equilibrium estimates 
were reached for all variables between 1 and 5 waves of recruitment, and indices of 
homophily indicated there was little preference for either in- or out-group recruiting (Table 
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2). However, homophily indices for country of origin showed clear within-country 
recruitment patterns (between 0.858 and 0.522), and equilibrium was not reached on this 
variable (Table 2). With the exception of one small recruitment chain, all other chains had 
some cross-over by country of origin (Fig. 1).
The recruitment process resulted in a final sample of 578 migrant men who reported an 
average network size of 13.2 (range 1–350). In the RDS-adjusted analysis (Table 2, columns 
6–7), just under half (46.2, 95 % CI 38.8–53.4) had completed high school. The majority 
reported an income generating activity, with 35.5 % (95 % CI 29.3–41.4) reporting having 
employment and 21.1 % (95 % CI 6.5–26.5) owning their own business. While 15.8 % 
(95 % CI 11.5–20.3) of men had no source of income, approximately half (49.2, 95 % CI 
43.2–55.2) did not have enough money for food. Just over one-third (39.9, 95 % CI 34.0–
46.1) were unmarried and not living with a sexual partner, and 15.9 % (95 % CI:11.7–20.6) 
were unmarried but living with a sexual partner. A smaller proportion of men were married, 
with 22 % (95 % CI 16.9–27.1) living with their wife and 22.2 % (95 % CI 17.0–27.7) not 
living with their wife. Just under half (48.6, 95 % CI:42.6–55.3) of men were living in a 
non-permanent housing structure. Most men came from Congo/DRC (29.2, 95 % CI 17.4–
43.7), Tanzania (27.5, 95 % CI 6.1–39.1), or Zimbabwe (26.6, 95 % CI 16.5–39.1), and had 
lived in South Africa for 1–5 years (50.6, 95 %:CI 44.2–56.9). Approximately one in five 
men (21.8, 95 % CI 16.6–27.6) had no legal documentation. The majority of men (44.8, 
95 % CI 37.9–51.8) came to South Africa in search of work.
Only 17.3 % (95 % CI 12.5–23.2) of men reported using alcohol on a weekly basis or more. 
The majority of men were recently sexually active, and 17.9 % (95 % CI 13.4–22.1) had 3 or 
more sexual partners in the past 3 months. Anal sex with a man in the past 6 months was 
uncommon (6.2, 95 % CI 3.0–10.1), and 27 % of men (95 % CI 21.8–32.3) reported 
exchanging money or goods for sex in the past 3 months. Among men who were sexually 
active in the past 3 months, 52.8 % (95 % CI 41.9–60.7) used condoms inconsistently and 
26.4 % (95 % CI 20.1–33.9) did not use a condom during their last sexual encounter.
An estimated 20.6 % of men (95 % CI 15.6–26.4) reported an STI symptom in the past 3 
months. The overall RDS-adjusted HIV seroprevalence was 8.7 % (95 % CI 5.4–11.8), but 
this varied widely by country of origin (Table 3); HIV seroprevalence was highest among 
migrant men from Zimbabwe (15.5, 95 % CI 6.2–23.4) and from Malawi (24.3, 95 % CI 
0.1–88.3). Migrant men from Congo/DRC had the lowest HIV seroprevalence at 1.2 % 
(95 % CI 0.0–2.7).
In the analyses adjusted for country of origin (Table 4), men were more likely to be HIV 
positive if they were in the oldest age group (35–54) (aRR = 4.06, 95 % CI 1.73–9.54), were 
unmarried and living with a sexual partner compared to men who were married and living 
with their wife (aRR = 2.97, 95 % CI 1.74–9.05), did not have enough money for food (aRR 
= 1.86, 95 % CI 1.04–3.33), had completed high school compared to men with a primary 
school education or less (aRR = 2.38, 95 % CI 1.12–5.06), used alcohol weekly as compared 
to never (aRR = 1.90, 95 % CI 1.01–3.69), and reported transactional sex in the previous 3 
months (aRR = 1.88, 95 % CI 1.10–3.23). While having a wife or family member as a main 
source of income, having no documentation, migrating to find better education or to escape 
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political persecution, and condom at last sex were all significantly associated with HIV 
serostatus in the crude analysis, none of these factors remained significant after adjusting for 
country of origin.
Discussion
Sampling methods among hidden populations where no sampling frame exists are limited; 
household surveys can be prohibitively expensive among hidden populations, and snowball 
sampling often produces biased results. This study provides evidence for the use of RDS as a 
valid method of recruitment for foreign migrant men in Cape Town, South Africa. Several 
referral chains reached 13 waves indicating that our study reached deeper into the networks 
we sampled and accessed more isolated individuals. Although half of the seeds were 
unproductive, two of these were recruited in the last week of the study and did not have 
adequate time to successfully recruit peers. With the exception of country of origin, all study 
variables reached equilibrium between one and five waves of recruitment, meaning that bias 
from the non-random selection of seeds was theoretically eliminated, and homophily indices 
indicated there was little preference for either in- or out-group recruiting. However, the fact 
that the homophily indices for country of origin showed clear recruitment patterns suggest 
that the non-preferential recruitment assumption of RDS was violated [27, 28]. The tendency 
of individuals to recruit peers from the same country of origin was not surprising; the same 
phenomenon was reported from a similar study of female, foreign migrants in Cape Town in 
2012 [29]. However, we did observe bridges across country of origin within recruitment 
chains, indicating that there is a linked underlying network of migrant men in Cape Town.
Results from this study suggest that transnational migrant men in Cape Town are 
experiencing elevated rates of several known HIV-related socio-demographic and behavioral 
risk factors as compared to general populations of men in South Africa. Not having enough 
money for food and being unemployed were both more common among the study’s target 
population than a general population of men in Cape Town [23, 30]. These results may be 
partially due to the difficulties transnational migrants face accessing employment based on 
their migrant status. Several behavioral risks factors, including being consumers of 
transactional sex, having multiple sexual partners in past 3 months, and reporting recent STI 
symptoms, were more prevalent among transnational migrant men than among South 
African men [17, 31, 32]. Finally, while previous research suggests that the study population 
does not differ dramatically from the general population of South African men in rates of 
condom use at last sex [33], there is some evidence that inconsistent condom use was more 
common among the study population [34].
Despite these risk factors, the overall HIV prevalence of 8.7 % documented in this study is 
lower than the countrywide estimated 2012 prevalence rate for South African men aged 15–
49 (14.5 %) [32]. However, there was substantial variation in HIV prevalence by country of 
origin. Due to this study’s inability to reach equilibrium on country of origin, these estimates 
are likely unstable and should be considered with caution. However, it should be noted that 
this variation is reflective of prevalence rates in sending communities. The 2013 UNAIDS 
country-level estimates for adults aged 15–49 revealed HIV prevalence rates of 2.5 % for 
Congo, 1.1 % for DRC, 15.0 % for Zimbabwe, 10.3 % for Malawi, and 5.0 % for Tanzania 
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[35], all of which are very similar to the country-of-origin-specific prevalence rates 
documented among migrant men in this study. Further, length of time in South Africa was 
not significantly associated with HIV serostatus in the crude or adjusted analysis. These 
findings may be an indication that HIV transmission in this study population occurred prior 
to men’s migration to South Africa. The findings could also be a reflection of within-group 
preferences for sexual partners after settling in South Africa; if migrant men tend to 
exclusively engage in sexual activity with individuals from their same country of origin, it is 
reasonable to assume that these micro-communities within Cape Town would reflect similar 
HIV prevalence rates as the migrants’ communities of origin.
Two migration-related factors (documentation status and push/pull factor) were associated 
with HIV status in the crude analysis. However, significant relationships were not 
maintained after adjusting for county of origin. It is likely that individuals who originated 
from the same countries experience comparable conditions in the pre-migration phase, 
which caused them to have similar motivations for migrating and similar access to legal 
documentation after arriving in South Africa. Therefore, the significant relationships in the 
crude analysis may instead be a more accurate reflection of the variation in HIV status by 
country of origin. Several of the study socio-demographic and behavioral risk factors, 
including poverty status, alcohol use, and transactional sex, were positively associated with 
current HIV serostatus among the study’s target population. These results are consistent with 
findings from previous studies of HIV-related risk factors throughout sub-Saharan Africa 
[32, 36–41].
This study has several limitations. The results of this study confirm similar limitations found 
from its previous companion study among cross-border migrant women [29], namely the 
clear within-country recruitment bias. (The current study replicated the procedures used in 
the previous companion study on foreign migrant women prior to our awareness of its 
shortcomings.) As a result, the HIV estimates by country of origin are unstable and 
unreliable and should be considered in this light. We again recommend that future research 
in Cape Town be conducted among foreign migrants by country of origin. We used RDS-
generated individualized weights in the regression analyses that adjusted for country of 
origin. However, there is debate in the literature as to whether this is in fact an appropriate 
method, as there is no consensus on whether RDS data can be appropriately weighted for 
multivariable regression models. Future statistical research is needed to advance use of RDS 
data in regression analyses. The cross-sectional nature of this study does not allow for causal 
conclusions to be made about the relationship between risk factors and HIV status, only 
associations. While steps were taken to increase the likelihood of accurate self-report of 
sensitive behaviors, it is likely that this study underestimates the true prevalence of certain 
risk behaviors. Further, the study results can only be generalized to foreign migrant men 
living in and around Cape Town; there are large populations of migrants in areas of the 
country closer to national borders, including in Johannesburg and farming regions in the 
north. Migrants in these areas may be more vulnerable as they are more likely to have 
recently arrived or are unable to continue the journey to the southern-most area of the 
country.
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Conclusions
RDS is an appropriate method for conducting future research among male foreign migrants 
in Cape Town, although this future research should be conducted separately among men 
from the same countries of origin. This future research would also help to clarify whether 
the large variation in HIV prevalence by country of origin is a true reflection of the 
underlying HIV epidemic among male foreign migrants in Cape Town or is, instead, an 
artifact of the bias introduced into this study by the within-country recruitment preference.
In order to design and implement effective interventions targeted to transnational migrant 
men in South Africa, future research is need to better understand the timing of HIV 
transmission during the migration process. If migrant men are at the highest risk of HIV 
acquisition in their home countries due to pre-migration phase conditions, service providers 
in South Africa should develop programs to test newly arrived migrants as soon as possible 
and rapidly link them to care. However, this study’s finding that migrant men in Cape Town 
reported higher rates of several behavioral risk factors as compared to general populations of 
South African men suggests that targeted HIV prevention interventions are also needed after 
migrant men have arrived in South Africa. Results from this study suggest that consumers of 
transactional sex or frequent alcohol users may be most vulnerable to future HIV infections, 
and targeting interventions towards these specific sub-groups of male migrants may be most 
effective. Further, if the wide variation in HIV-prevalence by country of origin is a function 
of a lack of out-country sexual mixing after settling in Cape Town, then future research 
should investigate differences in sexual risk practices within migrant country of origin sub-
groups before designing tailored prevention efforts. Finally, biological and behavioral HIV 
surveillance among migrants should be conducted in other areas of South Africa in order to 
determine whether the results of this study characterize risk for HIV among all foreign 
migrant men in the country or only the individuals who were able to travel to Cape Town.
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Fig. 1. 
Recruitment diagnostics for the Men’s Health and Migration Project by participant country 
of origin. Recruitment Tree network plot of the RDS recruitment process. Recruits per Seed 
total tree size (i.e. number of participants successfully recruited into the study) for each seed. 
Recruit per Subject number of participants successfully recruited by non-terminal 
participants. In this study, every active nonterminal participant recruited 1, 2, 3, or 4 
participants. Recruits by Wave number of participants recruited within each wave
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Table 3
HIV seroprevalence among foreign migrant men in Cape Town, South Africa 2013: overall and by country of 
origin (n = 578)
Sample N Sample %a RDS adjusted % 95 % CI
Overall (Missing = 28) 48 8.7 8.7 5.4–11.8
By country of origin
 Zimbabwe 27 16.7 15.5 6.2–23.4
 Congo/DRC 3 2.0 1.2 0.0–2.7
 Malawi 6 20.0 24.3 0.1–88.3
 Tanzania 7 5.2 3.8 0.8–8.2
 Other 5 6.9 10.5 1.9–28.5
aValid percents shown
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